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ABSTRACT
Mating type plays an important role in the
epidemiology and virulence of Cryptococcus neo-
formans. The present study designed a multiplex
PCR method to distinguish the six mating type
patterns (Aa, Da, Aa, Da, Aa ⁄Da, and Aa ⁄Da) of
C. neoformans var. neoformans. PCR amplification
identified one fragment for Aa (860 bp), Da
(413 bp) and Da (645 bp) strains, two fragments
for Aa (320 and 400 bp) and Aa ⁄Da (860 and
413 bp) strains, and three fragments (645, 400,
320 bp) for an Aa ⁄Da strain. The method appears
to be a valid, simple and relatively inexpensive
tool for epidemiological and virulence studies.
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Cryptococcus neoformans is a fungal pathogen
causing meningoencephalitis in immunocompro-
mised hosts. The two varieties, var. neoformans
and var. gattii, are ecologically and biochemically
distinct. This fungus reproduces mainly asexu-
ally, or more rarely by a sexual cycle in which two
mating types, MATa and MATa, are able to mate
and produce basidiospores. The complete nucleo-
tide sequences of the four mating type locus
alleles of var. neoformans have now been deter-
mined as part of the C. neoformans genome project
[1]. All genes within the mating type loci have
been identified, and some have been shown to
play an important role in both mating and
virulence [2–6]. Thus, disruption and complemen-
tation of the STE20a and STE12a genes in sero-
type A and D genomic backgrounds showed that
these genes have an opposite function in a murine
model, in which the virulence of STE20a mutants
was reduced only in a serotype A strain [7], while
STE12a disruptants were attenuated only in a
serotype D strain [8]. These studies were made
possible by the availability of serotype A and D
congenic strains [9,10], but gene disruption in
congenic strains only allows the investigation of
pathogenicity associated with mating type genes
in a single genomic background. In nature, it is
likely that interactions occur between mating type
locus genes in diverse genomic backgrounds, and
these lead to modulations in strain virulence.
Such interactions are complicated further by the
existence of hybrid strains, diploid or aneuploid,
originating from matings between serotype A and
D strains [11–13]. Isolation of such hybrids is
relatively frequent, and it seems that they have an
important role in the epidemiology of C. neofor-
mans [14–16]. The use of molecular methods to
determine mating type has also demonstrated
that the serotype A MATa allele is not extinct, as
three haploid strains and many hybrids contain-
ing this allele have been identified [17–19].
In view of the important role played by mating
type in the epidemiology and virulence of
C. neoformans, the present study designed a multi-
plex PCR method to distinguish the six mating
type patterns (Aa, Da, Aa, Da, Aa ⁄Da, and
Aa ⁄Da) of C. neoformans var. neoformans. One
reference strain for each mating type pattern was
tested, namely JEC20 (Da), JEC21 (Da), H99 (Aa),
IUM 96-2828 (Aa), CBS 132 (Aa ⁄Da), and IUM 91-
0835 (Aa ⁄Da). Genomic DNA was extracted as
described previously [20]. Four pairs of primers
(Table 1) were designed, based on the nucleotide
sequence of four mating type-specific genes:
NCP1a (accession no. AF542530), NAD4a (acces-
sion no. AF542529), STE20a (accession no.
AF542528) and STE20a [11]. A multiplex PCR
with all eight primers, and four conventional
PCRs, each with one pair of primers, were
performed in parallel to identify possible cross-
reactions. In addition, 13 strains (Table 2), iden-
tified previously by PCR of the STE20a and
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STE20a alleles [11], were amplified by multiplex
PCR. Multiplex and conventional PCRs were
performed in a 50-lL mix containing 5 lL 10·
PCR buffer (500 mM KCl, 100 mM Tris-HCl,
pH 8.3), 3 mM MgCl2, 400 lM (each) dNTPs
(Roche, Monza, Italy), 20 pmol of each primer,
2.5 U AmpliTaq polymerase (Applied Biosystems,
Monza, Italy) and 400 ng of DNA extract, with
denaturation at 94C for 5 min, followed by 30
cycles of 94C for 30 s, 64C for 10 s and 72C for
1 min, and a final extension at 72C for 5 min.
PCR products were analysed on an agarose 1.4%
w ⁄ v gel run at 60 V for 2 h.
The conventional PCR results showed that the
three pairs of primers specific for the STE20a,
NCP1a and STE20a genes amplified 860-bp, 645-
bp and 413-bp fragments, respectively, as predic-
ted by the GenBank nucleotide sequence, while
the fourth pair of primers, specific for the NAD4a
gene, amplified two fragments, namely the expec-
ted 320-bp fragment and an unexpected 400-bp
fragment, which was also specific for mating type
Aa. Multiplex PCR confirmed the conventional
PCR results and was also able to detect the
patterns Aa ⁄Da and Aa ⁄Da of the two hybrid
strains correctly. No non-specific bands were
observed and no cross-reactions occurred. Thus,
the multiplex PCR amplified one fragment for
Aa (860 bp), Da (413 bp) and Da (645 bp) strains,
two fragments for Aa (320 and 400 bp) and
Aa ⁄Da (860 and 413 bp) strains, and three frag-
ments (645, 400 and 320 bp) for an Aa ⁄Da strain
(Fig. 1). The specificity of the method was con-
firmed by the results with 13 C. neoformans strains
identified previously by PCR of the STE20a and
STE20a alleles. All the strains generated the
predicted fragment pattern, and the identification
of mating type corresponded to that determined
previously (Table 2).
In summary, the method clearly distinguished
the six different C. neoformans var. neoformans
mating type patterns by means of a single
multiplex PCR. This was an advance compared
to the previous molecular approach, in which the
mating type was determined by four separate
PCRs of the STE20a and STE20a alleles [11].
Multiplex PCR of these alleles was not possible
because of the different melting temperatures of
primers and the high risk of cross-reactions. The
method described in the present paper avoids this
risk by amplification of non-allelic genes. Thus,
the multiplex PCR represents a rapid, simple and
relatively economical tool for epidemiological and
Table 1. Oligonucleotides used for the determination of
Cryptococcus neoformans var. neoformans mating type by
multiplex PCR
Primer Oligonucleotide sequence
Tm
(C)
Amplicon
size (bp)
STE20aAF [11] 5¢-TCCACTGGCAACCCTGCGAG-3¢ 64 860
STE20aAR [11] 5¢-ATCAGAGACAGAGGAGCAAGAC-3¢ 64 860
NAD4aAF 5¢-CATTTATCCGTATACGCATTCCC-3¢ 64 320, 400
NAD4aAR 5¢-GCAAATTCAGCACCAGCAATAGT-3¢ 64 320, 400
STE20aDF 5¢-TGGGCGTATCCCAACCTACGA-3¢ 64 413
STE20aDR 5¢-TAACGACTCCGGTGCCGTGAA-3¢ 64 413
NCP1aDF 5¢-GGCAGTGATGGTTTCATCCGTA-3¢ 64 645
NCP1aDR 5¢-ATTGTCATCAGGGTCGACAAACA-3¢ 64 645
Tm, annealing temperature.
Table 2. Comparison of results obtained by mutiplex PCR
and conventional PCR of STE20a and STE20a alleles
Strains
PCR of STE20 alleles [11] Multiplex PCR
Genes amplified
Mating
type Genes amplified
Mating
type
IUM 86-0912 STE20aA Aa NAD4a Aa
IUM 91-5650 STE20aA Aa NAD4a Aa
IUM 90-2798 STE20aA Aa NAD4a Aa
IUM 91-6367 STE20aD Da STE20aD Da
IUM 89-0469 STE20aD Da STE20aD Da
IUM 93-0323 STE20aD Da STE20aD Da
IUM 93-1667 STE20aA ⁄ STE20aD Aa ⁄Da NAD4a ⁄NCP1a Aa ⁄Da
IUM 98-3359 STE20aA ⁄ STE20aD Aa ⁄Da NAD4a ⁄NCP1a Aa ⁄Da
IUM 91-5480 STE20aA ⁄ STE20aD Aa ⁄Da NAD4a ⁄NCP1a Aa ⁄Da
IUM 87-2003 STE20aA ⁄ STE20aD Aa ⁄Da STE20aA ⁄ STE20aD Aa ⁄Da
IUM 95-4426 STE20aA ⁄ STE20aD Aa ⁄Da STE20aA ⁄ STE20aD Aa ⁄Da
IUM 98-5017 STE20aD Da NCP1a Da
IUM 99-3617 STE20aA Aa STE20aA Aa
IUM, Istituto di Igiene e Medicina Preventiva, Universita` degli Studi, Milano, Italy.
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Fig. 1. Results obtained by multiplex PCR with six Cryp-
tococcus neoformans reference strains. Mating type patterns
are shown underneath the figure, and mating type-specific
genes are indicated on the right side. Lanes: 1 and 8, 100-
bp molecular size ladder (Invitrogen, Milano, Italy);
2, JEC20; 3, CBS 132; 4, H99; 5, JEC21; 6, IUM 91-0835; 7,
IUM 96-2828.
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virulence studies, as it reduces the number of
PCRs from four to one.
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ABSTRACT
Mycoplasma pneumoniae antibodies were studied
in 504 blood donors and 102 patients with
infections not caused by M. pneumoniae with the
use of enzyme immunoassay kits from Thermo-
Labsystems (L), Savyon (S), Bio-Rad (B) and
Novitec (N). Detection frequencies of M. pneumo-
niae IgM in blood donors were 14.9% (L), 16.0%
(S), 2.8% (B) and 3.8% (N), and in patients were
40.2% (L), 42.2% (S), 9.8% (B) and 16.7% (N).
Detection frequencies of M. pneumoniae IgA were
68.5% (L) and 22.8% (S), and in 65 respiratory
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